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We consider supersymmetric models where anomaly and gravity mediation give comparable con- 
tributions to the soft terms and discuss how this can be realized in a five-dimensional brane world. 
The gaugino mass pattern of anomaly mediation is preserved in such a hybrid setup. The flavorful 
gravity-mediated contribution cures the tachyonic slepton problem of anomaly mediation. The su- 
persymmetric fiavor puzzle is solved by alignment. We explicitly show how a working fiavor-tachyon 
link can be realized with Abelian flavor symmetries and give the characteristic signatures of the 
framework, including 0(1) slepton mass splittings between different generations and between dou- 
blets and singlets. This provides opportunities for same flavor dilepton edge measurements with 
missing energy at the Large Hadron Collider (LHC). Rare lepton decay rates could be close to their 
current experimental limit. Compared to pure gravity mediation, the hybrid model is advanta- 
geous because it features a heavy gravitino which can avoid the cosmological gravitino problem of 
gravity-mediated models combined with leptogenesis. 
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I. INTRODUCTION 

Weak scale supersymmetry (SUSY) is an attractive 
framework for physics beyond the standard model (SM) 
since it can stabilize the weak scale and provide a can- 
didate for dark matter. SUSY also faces new challenges, 
in particular how to avoid excessive flavor- and CP vi- 
olation: While in the SM flavor changing neutral cur- 
rents (FCNGs) and CP violation are controlled by small 
mixing angles and mass splittings, mechanisms of similar 
power need to be built into TcV-scale models to pass the 
experimental constraints from flavor physics (see e.g. pi 
for a recent review). 

Anomaly-mediated supersymmetry breaking (AMSB) 
[H [3] is a model that fulfills these selection criteria since 
it features flavor violation induced by the SM Yukawas 
only, i.e., it is minimally flavor violating. Moreover, in 
the limit where the top Yukawa flows to its infrared fixed 
point, AMSB becomes approximately flavor-blind [T. On 
the other hand, pure AMSB leads to tachyonic sleptons 
when the visible sector is the minimal supersymmetric 
SM (MSSM) . There are many proposals to cure this prob- 
lem (see e.g. [HIIHT]); none of them is agreed upon to be 
completely satisfactory in all regards, however. At the 
same time, an old challenge inherited from the SM re- 
mains: While the spectra and mixings of SM matter are 
described by the SMs Yukawa matrices, the origin of their 
peculiar texture is not addressed and without further in- 
gredients not accessible. 

Here, we consider a setup where the tachyon prob- 
lem is solved by order one flavorful contributions to the 
soft terms from Planck-scale-mediated (a.k.a. gravity- 
mediated) SUSY breaking (PMSB). Usually, when study- 
ing AMSB, it is assumed that the PMSB contribution 
vanishes (or is subleading), i.e., that the SUSY breaking 
sector is sequestered. Here, we require that PMSB is of 
comparable size as AMSB. We term the SUSY breaking 
sector semi-sequestered in this case. In Sect.|ll]we discuss 
how such a situation could be realized. 



Since the PMSB contribution generically carries flavor 
violation beyond the SM, hybrid anomaly-gravity me- 
diation is a non-mininially flavor violating model. As 
such, if evidenced, it can in principle lead to a theory 
of fiavor by distinguishing between different mechanisms 
for generating the observed family structure (see, for in- 
stance, IMH])- 

In the hybrid setup, the large order one contributions 
from PMSB flavor are tamed by sufficiently aligning SM 
fermions and sfermions |llj . resulting in a viable fiavor 
phenomenology. Unlike models with a flavor-blind solu- 
tion to the tachyonic slepton problem, this also leads to 
interesting signals in the flavor sector. 

Besides addressing the tachyon together with the fla- 
vor problem, hybrid anomaly-gravity mediation has the 
virtue of a heavy gravitino with mass 771,3/2 ~ 0(10 — 
100) TeV. This is beneficial for a sensible cosmology 
when baryogenesis proceeds via leptogenesis, which is a 
very elegant baryogenesis method in case that the neu- 
trino masses are generated by a seesaw mechanism. In 
this regard, the hybrid model improves on pure gravity 
mediation, which has a gravitino mass of the order of the 
superpartner masses. 

In Sect. |TT] we discuss how comparable anomaly- 
mediated and gravity-mediated soft terms could arise in 
a 5-dimensional (5d) brane world. In Sect. |III[ we work 
out the low energy spectrum and illustrate how both 
the observed matter fiavor structure and the required 
lepton-slepton alignment can be explained by a simple 
Froggatt-Nielsen (FN) fiavor symmetry. We give predic- 
tions for the LHG, and low energy precision experiments 
with or without CP violation, in Sect. |IV| and conclude 
in Sect. E 



II. SEMI-SEQUESTERING 

We briefiy recall the mechanism of anomaly medi- 
ation: AMSB is usually derived by formulating su- 
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pergravity in the superconformal tensor calculus where 
a Poincare-invariant vacuum expectation value (VEV) 
((i>) = (1,0, F$) of the superconformal compensator su- 
pcrficld $ breaks superconformal symmetry to super- 
Poincare symmetry. Couplings of $ to the visible sector 
induce visible sector SUSY breaking when F$ 7^ 0. These 
couplings are determined by superconformal invariance. 
The MSSM is classically invariant (in the absence of a /i- 
term) , which implies that $ does not couple to visible sec- 
tor superfields and no SUSY breaking is induced by F$. 
However, the symmetry is anomalous (hence the name) 
so that <& does couple to the visible sector at quantum 
level. It turns out that this induces all soft terms [2 [3] . 
The gaugino masses M\, the trilinear scalar couplings A 
and the soft scalar mass terms m? are given by 



A = -F^I3y 
,2 ^ 



(la) 
(lb) 



= ^I^*IV|^7 - Wh\\T9' - g'Y^ + Y') , (Ic) 



where 7 is the chiral superfield anomalous dimension, 
I3g, pY are the /3-functions for the gauge- and Yukawa 
couplings, respectively, and we defined M$ = F$/167r^. 
Note that ~ ^3/2- The expressions after the ~ sym- 
bol are to be understood symbolically, i.e., numbers and 
indices are omitted. The signs depend on the sign of /3g. 

As discussed in [2], the soft terms ^ generically are 
negligible compared to PMSB, because the cancellation 
of the vacuum energy typically requires Fs/Mp. 
Here, S is the hidden sector superfield with the high- 
est F-term VEV, Fg, and Mp denotes the Planck mass. 
M*-suppressed higher-dimensional operators (where 
is a high mass scale such as the Planck- or string scale), 
which arise from integrating out unknown physics at , 
generically give a contribution to the soft masses of the 
order m? ^ {Fs/M^,y, which is larger than the AMSB 
contribution by an inverse loop factor times (Mp/M^)'^. 

Here, we would like to realize the situation where the 
scale of the PMSB-induced soft terms is suppressed with 
respect to its natural size Fs /M* , but only so much that 
it is still comparable to AMSB. As argued in the Intro- 
duction, this is motivated on one hand by the desire to 
have a gravitino mass which is 0(100) larger than the soft 
masses (— >■ PMSB should not be dominant) and on the 
other hand by requiring that the PMSB contribution to 
the slepton masses cures the tachyonic slepton problem 
(-^ PMSB should not be subleading). 

The suppression of PMSB with respect to its natural 
scale can be justified in 5d brane models where the MSSM 
sector and the SUSY breaking sector are located on dif- 
ferent branes [2]. (An alternative is conformal sequester- 
ing [I2j in 4d models by strong and conformally invariant 
dynamics.) Just as in 4d hidden sector models, there are 
no direct renormalizable couplings between the two sec- 
tors. Here, the SUSY breaking sector is more than hidden 
however: Because of locality, the effective visible-hidden 
sector couplings which are induced by the exchange of 



heavy bulk fields are exponentially suppressed. Before 
proceeding, we should mention that, with more than one 
extra dimension, spatial separation of the hidden and 
visible sectors is not a sufficient condition for this sup- 
pression (see e.g. [13]). For that reason we stick to 5d 
brane models. 

The MSSM gauge multiplets could live either in the 
bulk or on the visible brane. In the former case, SUSY 
breaking can proceed by the mechanism of gaugino me- 
diation pjj, or, in the absence of a hidden sector singlet, 
by radion mediation |15| . Hybrid radion-anomaly me- 
diation is a particular case of mirage mediation. Such 
a SUSY breaking scheme is naturally realized in models 
based on flux compactifications and has been extensively 
studied [T^. 

Here, we consider the case where both the MSSM 
gauge and matter fields are located on the visible brane, 
and the only light fields in the bulk come from minimal 5d 
supergravity. In this case, the following effects can con- 
tribute to the soft terms: (a) AMSB (Eq. (b) the 
aforementioned exponentially suppressed, but not nec- 
essarily negligible effects from the exchange of massive 
bulk fields and, (c), loop effects of massless 4d super- 
gravity (SUGRA) modes and the radion. The latter are 
subleading if the distance between the branes is large 
enough, and we assume that this is the casej^ Note also 
that the radion F-term and the Kaluza-Klein modes of 
the 5d SUGRA multiplet do not mediate SUSY breaking 
at tree- level in this setup [18]. 

What we mean by hybrid anomaly- gravity mediation is 
a combination of (a) and (b). Let us discuss the effect 
(b) in more detail. Bulk fields with a mass M* induce, by 
the exchange of a single propagator, effective couplings 
which are suppressed by e~*^*^, where L is the distance 
between the branes. (This follows from the fact that a 
position-space propagator of a field with mass m linking 
two points separated by a distance d is suppressed by 
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.) This induces, among others, the operator 



M2 



j S S i (a^ 



(2) 



in the 4d effective Lagrangian. Here, X is a Hermitian 
matrix with, in the absence of a fiavor model, order one 
entries, and Qi is a matter superfield with family-index i. 
The operator ^ leads to the following PMSB contribu- 
tion to the soft scalar mass terms: 



-A/.L 



I PMSB 



Mi 



iM^prX, (3) 



^ On the other hand, it was proposed 2\ that it is just these loop 
corrections that cure the tachyonic slepton problem, assuming 
that the branes are close enough to each other. While explicit 
calculations showed that the contributions to the soft masses due 
to hidden sector _F-terms are negative and thus worsen the slep- 
ton problem [17j . it turns out that D-terms give rise to positive 
soft masses [?]• 



3 



where we defined 

r = {l&Ti^Mp/M^fe-'^'^ (4) 

and we used Fs /M p ^ F$ in the last relation. For only 
moderately large values of A/»L, r is tiny and the PMSB 
contribution is negligible compared to AMSB, as usually 
assumed. Here, by contrast, we assume that r is of order 
unity so that m^jpMSB is comparable to the AMSB con- 
tribution to the sfermion masses given in Eq. \lc\ . This 
requires e"*^*^ to be approximately equal to the first 
factor in Q, i.e., one needs M*L ~ 10 + ln(M|,/M2), 
which involves some tuningj^ 

Note that an analogous operator as ^ leads to a con- 
tribution of the order r|M$p to the i3/x-term. On the 
other hand, no /i-term, gaugino masses and A-terms are 
induced by PMSB when S is not a gauge singlet ~ which 
we assume. Then (i) the distinctive pattern of gaug- 
ino masses of pure AMSB is maintained and (ii) the 
/i-problem of AMSB persists - we assume that a phe- 
nomenologically viable /x-term is generated by an unspec- 
ified mechanism. 



III. ALIGNING FLAVOR 

In this section, we discuss the expected slepton spec- 
trum for the case that the SUSY flavor problem is solved 
by alignment only. We also propose explicit examples 
which realize sufficient alignment and realistic lepton 
masses and mixings with U{1) x U{\) FN models. 

A. Slepton mass terms 

We start with the slepton soft terms at the high scale 
(near M*). The slepton mass squared matrix in hybrid 
anomaly-gravity mediation reads 

Mlj^WhW-gMl + rX^'), (5) 

where the first term stems from anomaly mediation, 
while the second one denotes the PMSB contribution. 
The (cf. Eq. (H) are hcrmitian matrices in flavor 
space. Here, we defined gL '■= (99/50)gf -t- (3/2)(/| and 
gn := (198/25)gt in terms of the SU{2)l, U{1)y gauge 



^ We do not deal with the question if and how this scenario could 
be embedded in string- or M-theory. An interesting starting 
point for such a study seems to be heterotic M-theory 1191 , which 
is a natural candidate for the UV completion of 5d brane models. 
However, a problematic aspect could be the fact that the bulk of 
heterotic M-theory derived 5d brane models contains, apart from 
5d supergravity modes, many additional moduli. These would 
generically spoil our setup if they are lighter than L~^. The 
situation is maybe not hopeless, however: It was argued 1201 
that under certain conditions a part of the moduli can obtain 
masses which are parametrically larger than L~^, while others 
obtain masses which scale like L~^. 



couplings g2,9i, respectively. The label M = L{R) refers 
to SU{2)l doublets (singlets). In Eq. ([s]), we omit for 
brevity the flavor non-universal AMSB part proportional 
to powers of lepton Yukawas, see Eq. pc| . For moder- 
ate values of tan/3, to which we restrict ourselves in this 
work, they are all ^ 1 and their contribution to the slep- 
ton mass is subleading to the flavor nonuniversal PMSB 
one. 

Furthermore, the following approximations have been 
made in Eq. ([S]): (i) The F-terms are neglected, because 
these are suppressed by [mijfnf', where mi. denotes 
the ith-generation charged lepton mass and ifi the av- 
erage slepton mass scale, (ii) The D-terms have been 
dropped, because these are suppressed with respect to 
the soft terms by (m^/m)^, where mz is the mass of the 
Z boson and stands for the weak scale in the remainder 
of this work, (iii) We neglect the chirality mixing blocks, 
because these are suppressed with respect to the chiral- 
ity preserving blocks. Speciflcally, the flavor diagonal 
elements are suppressed by tan/3 mi-/m. 



B. Spectrum 

To compare our model with data, we need to evolve 
the slepton mass terms to the weak scale. The MSSM 
renormalization group (RG) evolution dampens both fla- 
vor mixing and the tachyon problem by inducing an order 
one, positive flavor blind contribution to A4\.j from the 
gaugino masses. Since the latter stem from AMSB alone 
in our semi-sequestered model, and we consider flavor 
models which are accurate up to numbers of order one 
only, we can safely approximate the slepton mass matri- 
ces at the weak scale by Eq. ([5| with g]\i taken at the 
weak scale, numerically ql.r — 0.3. Hence, the parame- 
ter r must be 0(1) for both doublet and singlet sleptons 
to get rid of tachyons. 

Note that in Eq. ^ we followed Eq. ^ and normalized 
each diagonal element as X^^ ~ 1. We also require all 
sleptons to have masses linked to the electroweak scale. 
The latter condition could be relaxed for the sfermions of 
the first and second generation, which could be heavier, 
i.e., Xff > 1 for i = 1,2, but we do not entertain this 
possibility here. 

The PMSB contributions to the soft terms given in 
Eq. ([5]) are not expected to be fiavor-blind because in 
general they pick up flavor breaking from physics at 
and above. Therefore, the mass splittings between slep- 
tons of different generations, Am^^^- = ih\j^ — mj^jj, 
as well as those between the sleptons within the same 
generation but with different SU{2)l transformation, 
= '^ii ^ large: 

Amlr,j^r\M^\\ (6a) 
Arhlj,, ^ r\M^\\ (6b) 

As an illustration we show a sample superpartner spec- 
trum comparing minimal AMSB (mAMSB) with a uni- 
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FIG. 1. Schematic plot of a sample sfermion spectrum in 
hybrid AMSB-PMSB (3rd column), compared to an mAMSB 
spectrum (2nd column) with universal scalar mass uplift mo = 
350 GeV and tan/3 = 5, mg/z = 60 TeV, > 0. The gaugino 
masses (1st column) are as in pure AMSB (and mAMSB). 
The crosshatched band is disfavored phenomenologically. 



versal slepton mass contribution ttiq to hybrid anomaly- 
gravity mediation in Fig. [l] The plot is made for toq — 
350 GeV, tan/3 = 5, 7713/2 = 60 TeV and a positive fi- 
term. We use the ISAJET spectrum generator [21] for 
the gaugino and the mAMSB sfermion masses. The gaug- 
ino masses (1st column) of the hybrid model are as in 
pure AMSB with the mass terms in the soft breaking La- 
grangian respecting the hierarchy \Mi\ : \M2\ : {M^l of 
3:1:7, featuring an almost degenerate wino-like light- 
est neutralino A^i and chargino Ci. The next-to- lightest 
neutralino A'2 is predominantly bino because successful 
electroweak symmetry breaking typically requires a fi- 
term with magnitude of a few times Al2. The remaining 
neutralinos and chargino C2 are therefore heavier 
and Higgsino-like. 

The mass scale of the sleptons in hybrid anomaly- 
gravity mediation, rh ~ -y/r — gM\Mq,\, Mq, ~ 
™3/2/(167r^), is set by requiring no tachyons and search 
limits from below and by avoiding fine-tuning the Higgs 
mass from above. The model predicts both left-right 
and flavor splitting of order one, both effects being much 
larger than the respective AMSB background [6] (2nd 
column) . 

The sfermion spectrum for the hybrid model (3rd col- 
umn in Fig. [1]) is schematic only, because a precise pre- 
diction of the average mass scale and the splittings would 
require a model which specifies the values of r and at least 
the diagonal entries of the flavor matrices X;^^ more pre- 
cisely than the generic anomaly-gravity framework does. 
Note that the doublet masses are nondegenerate by D- 
terms, m^^ - — m1^^ = — cos^^vf cos 2/3 m|, where 9w de- 
notes the weak mixing angle. As already mentioned, this 



effect is subleading and not shown. It is possible that 
instead of a wino-like neutralino the lightest sneutrino 
is the lightest supersymmetric particle, but we do not 
consider this any further. 

In Fig. [1] we also show the squark spectrum assum- 
ing a similar mechanism for flavor as for the leptons. 
The squark masses have a larger AMSB contribution and 
hence are more predictable than the slepton ones. Be- 
cause of the stronger RG suppression of weak scale flavor 
violation from the strong interaction, the mass splittings 
for the squarks are reduced to around 0(0. 1). 

C. Flavor violation at the weak scale 

For the discussion of low energy flavor and CP violat- 
ing processes it is customary to use mass insertion pa- 
rameters Sfj (here in the two-generation effective frame- 
work) : 

Here K^^ is the mixing angle in the coupling of the bino 

and neutral wino to M-chiral leptons U and sleptons Ij. 
The smaller the K^J , the stronger the sfermions and 
fermions are aligned. Because of the order one mass split- 
tings in the hybrid anomaly-gravity mediation model, 
Am^jj^/m^ ^ '^(l): need to rely on alignment to 
control FCNC rates. 

Rare decay data, most notably li — >■ Zj7 decays, con- 
strain the amount of flavor violation, that is, the 5fj. 
The current bounds on the branching ratios are given at 
90 % C.L. as [22] 

BR(/x^ 67) < 1.2 X 10~", 

BR(r ^ 67) < 3.3 X 10"^ , 

BR(t ^ ^7) < 4.4 X IQ-^ . (8) 

These lead to a minimum of alignment required if there 
is no flavor suppression present from degeneracy as in 
the hybrid anomaly-gravity mediation model. The cor- 
responding alignment bounds are given in Table |l] for 
generational mixing of doublets. The ones for the sin- 
glets are somewhat less severe at least for 1-2 mixing. 
The flavor constraints on the mixing between the first 
and second generation are the strongest ones. 

TABLE I. Required level of alignment for order one mass 
splitting, SfJ ~ , for chirality preserving slepton i-j mix- 
ing between the ith and jih generation from rare lepton decay 
data, adopted from Ref. [23] with updates from current data 
Eq. ((8f. 



i-j mixing 


1-2 


1-3 


2-3 




6 X 10"'' 


0.08 


0.10 



The 6fj parameters can also be written as the M-chiral 
mass-squared matrix in the basis where the leptons are 
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mass eigenstates and the neutral gaugino interactions are 
flavor universal, divided by an average mass-squared. In 
anomaly-gravity mediation we obtain 



-gM 



^(yM^X^'V^'\,, {i^j). (9) 



Here, V^, V'" are unitary matrices which bring the lepton 
Yukawa matrix to diagonal form as V^^Y^V^ . 

If the diagonal entries of Xm are all of the same order 
of magnitude and the off-diagonal entries are suppressed 
and, furthermore, the Yukawa matrix is hierarchical so 
that the diagonal elements of V'^^ are of order unity and 
the off-diagonal entries are suppressed, one has (cf. [8]), 
using r ~ 1, 



Sff ~ max ■ 



{|X*^|,|V^f 1,1^^1} 



D. Origin of flavor 



(10) 



It is conceivable that the mechanism that structures 
the PMSB soft terms and the one which produces SM 
flavor is related. We require the flavor model to repro- 
duce the observed hierarchical charged lepton spectrum 



rriu 



0(10-2), '^^o{10-')^ 



(11) 



and an anarchical Maki-Nakagawa-Sakata (MNS) matrix 
{Vumh, - 0{l) . (12) 

The current level of suppression of the 1-3 lepton mixing 
angle is considered accidental. 

We wish to accommodate the masses of the light neu- 
trinos, m^i, within a supersymmetric seesaw mechanism. 
The natural way to obtain ( 12 ) is through an anarchical 



Yukawa and an anarchical mass matrix for the right- 
handed (RH) neutrinos, {Mjijij ~ Af^j. The mass scale 

of the RH neutrinos, Mr, is constrained by leptogene- 
sis. In case of hierarchical RH neutrinos, the lightest one 
should have a mass of at least 10^ to 10^ GcV [24 . For 
a moderate degeneracy this bound may even be signifi- 
cantly lower pS] . 

As an explicit realization, we consider a flavor symme- 
try which is a discrete subgroup of U{l)p x U{l)q pB] . 
Both U(l)'s are spontaneously broken by the VEV of a 
spurion with charge —1. We further assume for simplic- 
ity that Ap ^ Ag ~ A, where Xp^q are the ratios between 
the spurion VEV and the heavy messenger mass scale 
of the FN model. This does not mean that the spurion 
VEVs need to be identical; we only assume that there is 
no hierarchy between them. A reasonable value for the 
common expansion parameter A is ^ 0.2. The RH neutri- 
nos as well as the Higgs fields are assumed to be neutral 
under the flavor symmetry. For definiteness, we choose 
Ut ^ A^ for the Yukawa of the tau lepton, consistent with 
our assumption that tan/3 is not large. 



Under the above assumptions, the elements within 
each column of Ye are either of the same order of magni- 
tude or vanish. Then, it is straightforward to see that - 
in order for the off-diagonal elements of V^*^ to have suf- 
ficient suppression so that the bounds from Table [l] can 
be satisfied - the upper-right triangle of Ye must vanish 
(by holomorphy). A realistic possibility for Ye is thus 



Yk 







A5 A2 
\A5 A2 1 



(13) 



which implies 



L 7 



V, 



M 



(14) 



This sets a lower limit on the 6 s, independent of the 
choice of the FN charges, once we stick to the Yukawa 
matrix Ye given in Eq. (13). 

([l3l) by assigning the 



One can, for instance, realize Eq. 
following charges to the lepton doublet (singlet) super- 
fields L,{E,): 



Li: (3,0), is: (1,2), is : (0,3), 
^i: (3,1), ^2: (2,-1), ^3: (2, -3). 



This leads to 
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X^ 
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A3 


1 






A2 






v 


X" 


A2 





(15) 



(16) 



and (5*^ see Eq. ([10|) 

By construction, the neu 



;rino sector is anarchical: 



(HI 



0\2 



-A 



2n„ 



Vz,j, (17) 



with n,y = 3 for the model Eq. (15 1. ((-f^"(rf)) denotes 
the VEV of the scalar component of the neutral Higgs 
superfield with hypercharge -1-1/2 (—1/2).) In order to 
arrive at a mass scale of the light neutrinos of around 
0.1 eV, the RH neutrinos should have a mass scale Mn ~ 
10^° GeV, compatible with leptogenesis. 

We also consider flavor violation from the seesaw sec- 
tor |27| . The dominant contribution is due to Y/v, which 
contributes to the RG-running between the high scale 
and the mass scale of the RH neutrinos. This gives (for 



sxil 



Hm^/M r) a6 

167r2 



0.1 



(18) 



which is negligible for all off-diagonal entries. 

We conclude that the FN model Eq. ( 15 ) is a viable so- 



lution to the flavor and tachyon problem within anomaly- 
gravity mediation. The alignment constraints on the Sf^ 
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parameters given in Table [T] are fulfilled. Note that our 
model is similar to model A of Ref. Compared to 
the latter, our charge assignments lead to a somewhat 
stronger alignment for the 1-j singlet and a lesser one for 
the i-3 doublet slepton mixings. 



We obtain suppressed Sfj ~ ^ jf , w hich is far beyond 
the reach of future experiments [28| [29] . 

In summary, we find that, while the possible alignment 
is not unlimited in U{1) x U{1) FN models, this limit is 
weak enough such that bounds from upcoming FCNC 
tests can be evaded; see the last example above. 



E. Stronger alignment 



The model Eq. (15 1 corresponds, at least with respect 



to 1-2 mixing, to one with a minimal amount of align- 
ment. Hence, the rare — > 67 decays could be just 
around the corner, and r — >■ /X7 is not far away, too. 
We ask here about the consequences if future data would 
require a higher level of alignment. 

First, recall that requiring neutrino anarchy asks for 
Eq. (17 1. Note that the integer Ui, should not be too 
large ~ say, < 5 - otherwise the seesaw scale gets too 
low for leptogenesis. On the other hand, 2n,y must be at 
least as large as the largest exponent of A in X^. (This is 
seen as follows: Since the neutrino sector should be anar- 
chical, we need p^. +qLi = n,^ and all charges of the 
Li denoted by {pLi,<lLi) are positive to avoid holomor- 
phic zeros in Y^. This implies < q^i +PLj ^ 2n,y, and 
one arrives at maxy{nx^ij} = 2maxjj{|pii ~ PLj\} = 
2maxij{|n,y — (q^i + PLj)\} ^ 2n^ .) The upper limit on 
hence bounds the alignment factors K^j from below. 

One could for instance consider an example with = 
5. We keep Ye as in Eq. (pi and Eq. (fwl) holds. The 



maximal achievable amount of alignment, K^j ^ "^tj ■• 
is then obtained by having X^^ - V^'^ . A U{1) x U{1) 
flavor charge assignment which realizes this is 



Li : (5,0), L2 : (2,3), £3 : (0, 5) , 
^i:(l,l), ^2:(l,-2),^3:(l,-4) 



(19) 



To obtain even stronger alignment, one needs one or 
more holomorphic zeros in the lower-left triangle of Ye- 
Keeping — 5, we can at most obtain X^^ ~ If one 
wants to realize ~ one should then have a sup- 
pression of max{|y^2|, iVj^l} with at least A^°. Consider 
for instance the charge assignment 



Li:(5,0), L2:(0,5), L3:(2,3), 
^i:(-l,3), ^2:(3,-4),^3:(-l,-2) 
This yields 



Fr- A' 




(20) 



(21) 



- in which case the only nonvanishing off-diagonal ele- 
ments of the are V^'^^ - - ml /ml , F^f - V^^ - 
me/m-r - and 



X' 




,X' 




(22) 



F. Flavor from wavefunctions 

Flavored wavefunctions are known to provide a sig- 
nificant amount of flavor alignment, in particular if the 
trilinear soft terms are small [SI [30] ■ To accommodate 
the lepton spectrum Eq. ( [Tl] ) and mixing Eq. (12) one 
flnds 



o{i). 



XI 



(23) 



The doublets have X![< of similar size in order to accom- 
modate order-one T4ins entries. However, the are 
strongly hierarchical and decrease towards the lighter 
lepton generations. They will not be large enough to 
remove all the tachyons while keeping the stau mass of 
electroweak size. It follows that the mechanism of wave- 
function renormalization does not naturally work within 
anomaly-gravity mediation. 



IV. PHENOMENOLOGY 

We predict the generic flavor-blind features of AMSB, 
with an interesting flavor phenomenology driven by 
flavor alignment. This includes: 

Lepton FCNC decays: Working flavor models, such as 
the one in Eq. (151, often predict fi ej rates close 

~ The 



to the current experimental limit given in Eq. 
MEG collaboration expects to improve its reach in the 
^ — > 67 branching ratio by about 2 orders of magnitude 
in the next few years [28]. This will allow to access even 
more aligned models. In some cases, as in the model 
Eq. ( 15 ), the prediction for r — /17 is close to the present 



data as well and could be probed at a possible super flavor 
factory with reach down to 2 x 10~^ [29] (with 75 ab~^). 

However, the framework presented allows for the 
possibility that the FCNC decays escape the detection of 
even the future planned searches, see the model Eq. ( 20 1 . 



Slepton spectroscopy at colliders: The collider phe- 
nomenology is different from the common MSSM vari- 
ants because of the large mass splitting between singlet 
and doublet sleptons and between different generations; 
see Eq. (|6|. This leads to six distinct charged sleptons 
with electroweak-scale masses, see Fig. [T] 

The splittings can be accessed from dilepton spectra 
with missing energy in N2 II*, II — >■ ^^A^i cascades. 
The latter are sensitive to the mass of the intermediate 
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slepton. Because of the high level of alignment in the 
hybrid model, lepton flavor violating modes are strongly 
suppressed, and we consider only same flavor dileptons. 

The selectron-smuon mass difference can be probed by 
comparing dimuon versus dielectron spectra, and their 
respective kinematical edges. Both spectra should ex- 
hibit a multi-edge structure from and 1^ exchanges. 
The features of the hybrid spectrum suggest that there 
is no strong hierarchy between the distributions of both 
chiralities and all flavors: The N2 is mostly gaugino- 
bino, and the sleptons are produced flavor-universally 
via N2 —J' liMliM-i^iMhM- Because of the different hy- 
percharges, the branching ratio into singlets is 4 times 
larger than the one into doublets modulo phase space ef- 
fects. Subsequently, the sleptons decay to the TVi-lightest 
supersymmetric particle plus Um or liM- Because of the 
mostly wino-nature of the A^i the latter decays will be 
more rapid for the doublet sleptons, but the branching 
ratios again will be roughly in the same ballpark barring 
phase space cancellations. 

LHC studies to measure the selectron-smuon mass dif- 
ference exist for mSUGRA scenarios [3T1 [31] . The ex- 
pected sensitivities are very promising, and reach down to 
mass splittings much smaller than the order one predic- 
tion of the hybrid model. Depending on the SUSY scale, 
measurements can already be performed with rather 
moderate luminosities (32^. Because of the different 
AMSB-like gaugino pattern one would need to perform 
a dedicated analysis for anomaly-gravity mediation to 
quantify its LHC prospects, which is beyond the scope of 
this work. 

Note that a measurement of the selectron doublet- 
singlet splitting is a prime application for an e^e~ high 
energy linear collider [55] . 

Lepton electric dipole moments (EDMs): If flavor vio- 
lation comes along with CP phases it is possible to see 
this in the muon EDM d^. Using the same approxima- 
tions as in |34j . one roughly has 



Im(<5,^3'52t)^^^10-^°ccm. 



(24) 



The factor proportional to the tau mass provides the 
requisite left-right mixing of the stau in case of a 
heavy /j,-term as in AMSB. In the model Eq. (151, 
holds, and muon EDMs from slep- 



ton flavor with CP violation up to order 10 ecm 
are possible. This is well below the current bound 
= (-0.1 ± 0.9) X 10-i^ecm [35], but within reach 
of the proposed activities to measure the muon EDM 
as low as 5 X 10~^^ecm [3S]. The electron EDM has a 
stronger experimental bound, but at the same time, the 
dfl parameters are suppressed even further, so that the 



sensitivity for flavored CP violation is larger in d^. 

The quark sector: As flavor symmetries between lep- 
ton and quarks may or may not be related, we can make 
a generic alignment prediction only: 0(10%) squark 
mass-squared splittings. The latter is smaller than 
for sleptons due to the large flavor-universal RG-effect 
of the gluinos, which is absent for sleptons. Known 
predictions include D-D mixing close to the experi- 
mental limit [5^ and a lower bound for hadron EDMs [37] . 



V. CONCLUSIONS 

The forthcoming explorations of the TeV-scale might 
reveal patterns which do not fit into the expectations 
based on standard models beyond the SM. Models with 
mixed sources of SUSY breaking can provide interesting 
alternatives. The motivation to investigate hybrid mod- 
els goes, however, much further: They offer new insights 
into model space and problems and are often not unnat- 
ural from a model-building perspective. 

The framework of hybrid anomaly-gravity mediation 
has several virtues regarding model building and phe- 
nomenology: the tachyons of anomaly mediation are re- 
moved by flavorful contributions, and the low energy 
spectrum contains imprints of the origin of flavor symme- 
try breaking. The gravitino can be heavy enough that it 
decays before nucleosynthesis. The gaugino masses are 
AMSB-like, with known LHC signatures (see e.g. [B]). 
The hybrid model exhibits a very characteristic slepton 
spectrum with order one mass splittings between different 
generations and between left- and right-handed sleptons. 

We suggest to pursue LHC dilepton searches with miss- 
ing energy in both dielectron and dimuon final states. If 
accessible, the corresponding tau spectra are similarly in- 
formative. The contributions from sleptons of both chi- 
ralities induce a multi-edge structure. Because of the 
high level of alignment required, opportunities exist for 
lepton flavor precision searches for FCNC decays and, if 
CP violation is linked to flavor violation, the muon EDM. 
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